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This is a highly purified metal comprising one metal selected from the group consisted of titanium, 
zirconium and hafnium. The highly purifed metal has an Al content of not more than 10 ppm. It also has 
an oxygen content of more than 250 ppm, each of Fe, Ni and Cr contents not more than 10 ppm and 
each of Na and K contents not more than 0.1 ppm. The highly purified metal is obtained by either 
purifying crude metal by the iodide process or surface treating crude metal to remove a contaminated 
layer existing on the surface thereof and then melting The surface treated material with electron b an in 
a high vacuum. 
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HIGHLY PURIFIED METAL MATERIAL AND SPUTTERING TARGET USING THE SAME 

The present invention relates to a highly purified metal suitable as a target material for the formation of 
electrode, contact part and barrier layer of a semi-conductor device, a method for the manufacture of the same 
and a sputtering target using the same. 

As the material to form wiring layer and electrode of a semi-conductor device like LSI, a silictde of a metal 
having a high melting point such as Mo, W, Ta, Ti, Zr and Hf have been used. Further, because there is a ten- 
5 dency of furthering high integration of semi-conductor devices and calling for more minute wiring structures, 
the possibility of various problems has been watched with misgivings. 

In the case of, for example an Al wiring, minute wiring and higher current density required therefor give 
rise to electromigration that A! atoms are carried away in the direction of the electron movement or an Increase 
of working heat. These lead to a problem that Al wirings are susceptible to burn-out Further, an increase in 
10 wiring resistance due to minute wiring materials causes delay of signals. Thus, particularly Ti silicides have 
attracted attention as the wiring and electrode material because they not only have a high melting point but 
also a low resistance. 

For example, when a Ti silicide is intended for use as the material for electrode, a Ti film is formed over a 
polysilicon film by the sputtering process. Then the Ti film is heat-treated to make a slicide out of Ti. What is 

15 called a polycide structure prepared in this way has been put to use. On the other hand, an attempt has been 
made to make contact parts of a Ti silicide as the built-in protection in order to reduce contact resistanc . 
Further, a contact part is inlaid with, for example a Ti film serving as a diffusion barrier layer in order to prevent 
Si from precipitating into Al wirings. In this sense, a laminated structure of AI/TiN/TiSi 2 has been used. ATiN 
film is formed of a reactive sputtering material and the like. 

20 As stated above, a TiN film or a TiSi 2 film is made by the sputtering process. Therefore, the sputtering target 

required for the process must be made of a Ti material. It is important that the Ti target for that purpose has a 
high purity. When a Ti target contains an impurity of oxygen, the film formed therefrom has high electric resi- 
stance, causing a trouble of delay of signals or burn-out of wirings. Further, a heavy .metal such as Fe, Ni and 
Cr collects on the interface of a laminated film and form a deep level, causing leakage at the joint thereof. An 

25 alkali metal such as Na and K readily sets Si free, deteriorating the properties of the device. 

Meanwhile, a Ti material for the above mentioned Ti target generally is manufactured according to the so- 
called Kroll method or Hunter method to thermally reduce a Ti compound such as TiCI* with an active metal 
such as Na and Mg or the fused salt electrolysis process using a fused salt consisting of alkaline metal com- 
pound. In recent years when metal purification technology has advanced and manufacturing processes have 

30 been well managed, incorporation of impurities such as heavy metal has been brought down to a very low level. 

However, even In the case where a TiSi 2 film for use in contact parts is formed of a Ti target having a very 
low content of such impurities as heavy metal, there is a problem that leakage at the junction cannot be suffi- 
ciently prevented because of very minute wiring. This makes an important cause of the loss of fidelity of semi- 
conductor devices. Further, in a barrier layer, an increase of current density which is caused by reduction of 

35 wiring width, leading to malfunction of the layer and leakage at the junction. It is expected that these problems 
will be exacerbated in the future as integration of semi-conductor devices advances. These problems occur 
not only when electrodes and banier layers are made of Ti compounds but also when they are made of Zr and 
Hf compounds. 

Therefore, an object of the present invention is to provide a highly purified metal for the production of an 
40 electrode and a contact part capable of preventing malfunctions thereof in a highly integrated semi-conductor 
device and for the formation of a barrier layer capable of sufficiently preventing an increase of leakage at the 
junction. 

Another object of the present invention is to provide a method for the manufacture of highly purified metal 
making it possible to manufacture well reproducible a highly purified metal having the above mentioned prop r- 
45 ties. 

Furthermore, still another object of the present invention is to provided a sputtering target capable of form- 
ing well reproducibly an electrode, a contact part, a barrier layer and the like respectively having high fidelity. 

The present inventors have gone ahead with the researches of impurities contained in target materials of 
Ti t Zr, Hf and the like, resulting in the findings that the above mentioned problems are accounted for by Al which 
so has not been given much thought among other impurities of conventional targets. In other words, it has been 
brought to light that the Al content need be lowered as much as possible on top of that of heavy and alkali metals, 
when an electrode, a contact part, a barrier layer and the like of a semi-conductor device are made of a target 
of Ti and the like according to the sputtering method. However, the Al content cannot be sufficiently reduced 
according to conventional manufacturing methods, remaining at a level such as 2000 ppm rf it is a high side 
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and finding no place as a forming-material for highly integrated semi-conductor devices. 

The highly purified metal of the present invention has been achieved on the basis of the above mentioned 
5 finding and is characterized by having a Al content of not more'than 10 ppm. The sputtering target of the present 
invention is characterized in that it is made by molding the above mentioned highly purified metal into a desired 
form. The highly purified metal is made by comprising one element selected from the group consisted of Ti, Zr 
and Hf. 

The highly purified metal is useful as a wiring material for use in LSI, VLSI, ULSI and the like. Namely, a 

10 wiring network of the present invention to be formed on a substrate in a semi-conductor device is characterized 
by containing 1 0ppm or less of AJ and, specifically speaking, comprising a silicide, a nitride and the like of metals 
mentioned above. The wiring network like this can be obtained, for example according to the undermentioned 
production method. This is a production method comprising a step of forming a thin film from the sputtering 
target on a substrate in a semi-conductor device and a step of subjecting the thin film to etching treatment to 

is eliminate portions other than the desired wiring network. The wiring network comprises an electrode, a contact 
part and a barrier layer of a semi-conductor device. 

The metal having a least possible Al content of the present invention has been brought to completion by 
the finding that the Al content can be efficiently reduced according to the iodide process and that Al contained 
in crude Ti particles and the like by the fused salt electrolysis process is converged and stays on the particle 

20 surface region and can be efficiently removed by the application of surface treatment technology. 

Namely, the first method for the manufacture of highly purified metal of the present invention comprises 
the steps of purifying crude metals according to the iodide process and a step of melting the so purified metals 
with an electron beam in a high vacuum. Further, the second method for the manufacture comprises the steps 
of surface-treating crude metals produced under the fused salt etectrolysis process and removing a contami- 

25 nated layer from their surface and a step of melting the surface trsated-crude metals with an electron beam in 
a high vacuum. 

The present invention provides an easy method for obtaining well reproducibly such a metal as Ti material, Zr 
material and Hf material respectively highly purified with . a least possible Al content. A metal film and a metal 
compound film respectively having a low Al content can be well reproducibly formed by using said metal as a 
30 target material of the sputtering method, serving tor an electrode, a contact part, a barrier layer and the like of 
a highly integrated semi-conductor device and contributing much to the promotion of semi-conductor device 
fidelity. 

Fig. 1 shows an example of the purifying apparatus of the iodide process for use in the present invention. 
Fig. 2 is to describe the structure of a diode prepared in one embodiment of the present invention. 
35 Fig. 3 shows the relationship of the Al content of a Ti target prepared in one embodiment of the present 

invention with the leakage current of a diode having a TiSi 2 film formed of said Ti target. 

Fig. 4 shows the relationship of the Al content of a Zr target prepared in one embodiment of the present 
invention with the leakage current of a diode having a ZrSi 2 film formed of said Zr target. 
. . . Fig. 5 shows the relationship of the Al content of a Hf target prepared in one embodiment of the present 
40 invention with the* leakage current of a diode having a KfSi 2 film formed of said Hf target. 

Fig. 6 shows the relationship of Ti film prepared in one embcdiment of the present invention with specific 
resistance of a TiSi 2 film formed of said Ti film. 

Fig. 7 relates to the fused salt electrolysis process used in one embodiment of the present invention, show- 
ing the relationship of the distance between the surface of the electrolyte and the location of a Ti material made 
45 therefrom with the AJ content of said Ti material. 

Fig. 8 is a cross-section outlining the structure of a semi-conductor package obtained in connection with 
one embodiment of the present invention. 

Fig. 9 is a cross-section outlining the structure of a semi-conductor chip used in the semi-conductor pack- 
age shown in Fig. 8. 

50 The highly purified metal and the sputtering target of the present invention will now be described in detail 

with reference to embodiments. 

Basically, the highly purified metal, that is the highly purified Ti material, the highly purified Zr material and 
the highly purified Hf material should have an Al content of not more than 1 0 ppm but the content of other impuri- 
ties is at a low level as well. For example, the oxygen content is not more than 250 ppm, each of the Fe, Ni 

55 and Cr contents is not more than 1 00 ppm and each of the Na and K contents is not more than 0. 1 ppm. Further, 
th U and Th contents preferably are not more than 0.001 ppm. 

Here follows the reason why the Al content is limited to the above mentioned range : there is a sudden, 
high incidence of unacceptable quality of semi-conductor devices on account of leakage current when their 
electrodes, contact parts and barrier layers are made from Ti, Zr or Hf compounds using targets with the Al 
content exceeding 10 ppm. 
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The highly purified meta! of the present invention is obtained by the application of either first or second 
manufacturing method as above mentioned. 

To begin with, the first manufacturing method will be described in detail. Th first manufacturing method 
is to purify crude metals at first according to the iodide process. Here, the iodide process will be described taking 
Ti as an example and referring to Fig. 1. Fig. 1 shows an example of a purification apparatus to purify Ti materials 
by means of the iodide process. Inside an electric furnace 2 there is a reaction container 1 receiving a crude 
Ti material and an iodine and within the reaction container 1 a filament 5 is set, connected with an electric source 
4 via connecting plugs, 3a and 3b. 

The iodide process method is a system of chemical delivery, capable of purifying Ti by using the reactions 
represented by formulae (1) and (2) : 

Ti + 2I 2 Ti (l) 

(100 °C-250 °C or 450 °C-600 °C) 

TiI * j> Ti+2I 2 (2) 

(1100 °C-1500 °C) 

The crude Ti material and the iodine are placed in the reaction container 1 and the filament 5 is electrically 
charged and heated to a temperature of 1 1 00 °C-1 500 °C to keep the inside of the reaction container 1 at 100 
°C-250 °C or 450 °C-600 °C. Then, the crude Ti material and the iodine are reacted each other according to 
the formula (1) to form Til*. Since the Til 4 is a volatile substance, it is decomposed into a Ti and an iodine again 
according to the formula (2), allowing the Ti alone to precipitate on the filament 5. The almost elements having 
less reactive than Ti among impurities of the material remains in the rest of the material. If the impurity asily 
reacts with the iodine to form iodides, the element having low steam pressure is not incorporated into the fila- 
ment in the above temperature of the reaction container. If the iodide has suffient stream pressure, incorporation 
into the filament is prevented by controlling the pressure within the reaction container and dissociation tem- 
perature. 

As mentioned above, the iodide decomposition method takes advantage that the content of the specific 
impurity is electively reduced by controlling the temperature of the reaction container, the pressure within the 
container, the temperature of the filament and the like. Since Al is sufficiently less reactive with iodine than Ti 
in the range of the temperature within the reaction container shown in the above formula (I), Al can be effectively 
removed from Ti. Thus, during the process of production and dissociation reaction, Ti is purified, thereby to 
provide a Ti material with a least possible Al content. In this case, it is important to select as a material one 
having a low Al content, and select as a material of reaction container one having low Al content. The same is 
true of Zr and Hf. 

The above mentioned iodide process can be operated by using as a starting material crude Ti mat rials 
which are obtained by various manufacturing methods such as Kroll process, Hunter process, fused salt elec- 
trolysis process and the like, but it is preferable to use therefor a Ti material produced by the fused salt elec- 
trolysis process. The reason for this likes in the fact that the purity of a Ti purified by the iodide process depends 
upon the purity of a starting material to some extent and by using the fused salt electrolysis process capable 
of producing a Ti material having a higher purity, still higher purification can be achieved. 

Under the first manufacturing process of the present invention, the purification of crude metals by the above 
mentioned iodide process is followed by melting the so purified materials with an electron beam (hereinafter 
referred to as "EB melting") in a high vacuum of not more than 5 x 10~ 5 mbar in order to finally remove Al, Na 
and K and to obtain a highly purified metal. The EB melting is a method for the separation of impurities using 
a difference of vapor pressure and highly efficient in removing particularly Al, Na and K each having a high 
vapor pressure. 

Various metals are subjected to the EB melting , keeping a vacuum preferably not more than 5 x 1 0r- 6 mbar, 
more preferably not more than 2 x 1 0~ 5 mbar in the EB melting furnace, whil prev nting the entrance of a dif- 
fusion pump oil into said furnace with the use of a freon baffle. The operating conditions of EB melting ar not 
particularly limited, but it is required that a melting speed should be determined taking into consideration th 
efficiency of purifying Na and K and the contamination due to the oxygen absorption. For example, a melting 
speed of 1.75 kg/hr - 2.3 kg/hr is preferable. Further, a filament with a precipitated metal can be us d as an 
electrode for the EB melting as it is. 
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As stated above, metals of Tir Zr and Hf purified by the iodide process are subjected to the further purifi- 
cation according to the EB melting. Since said melting is implemented in a. vacuum assuring less contamination 

5 due to oxygen and nitrogen, metals of high purity can be obtained. 

Next, the second manufacturing process for highly purified metal of the present invention will be described. 
Under this second manufacturing process, crude metal particles are prepared at first according to the fused 
salt electrolysis process. For example, sponge Ti is used as a starting material therefore. Further, an electrolyte 
comprising KCI-NaCI and the like is preferable. The electrolytic temperature is preferably 730 ° C-755 °C and 

10 the voltage 6.0V-8.0V. Meanwhile, since crude metals such as crude Ti particle contain impurities of metal ele- 
ments including A! and oxygen which are converged in the neighborhood of the particle surface, the contami- 
nated layer on the surface should be selectively removed. 

This contaminated surface layer is removed by. for example (1) a method for surface treating said layer 
with an acid or an alkali and (2) a method for volatilizing and removing said layer with such halogen as iodine, 

15 fluorine, chlorine and bromine. 

The above mentioned method (1) is preferably implemented in an atmosphere of such inactive gas such 
as argon gas to prevent the surface layer from recontamination particularly due to oxygen, conducting washing 
with purified water and drying afterwards. The treatment solution to be used therefor is an acidic solution such 
as hydrofluoric acid, nitric acid, sulfuric acid and their mixture or an alkaline solution such as a sodium hydroxide 

20 solution. Further, heavy metals can easily be eliminated by the fused salt electrolysis process and it is possible 
to attempt to remove selectively Al alone as it is existing in the neighborhood of the surface. The use of sulfuric 
acid or sodium hydroxide solution is efficient in this case. 

The above mentioned method (2) is carried out as follows : a crude metal material obtained by the fused 
salt electrolysis process is placed in the purification apparatus using the iodide process as shown in Fig. 1, 

25 gaseous halogen is introduced thereto, a temperature elevated to a prescribed level is maintained inside the 
reaction container for a prescribed span of time, the surface of the crude metal is allowed to react with said 
halogen and then the product formed thereby is removed with suction. When the reaction container has a suf- 
ficiently high temperature, almost all halides of metallic impurities are easily carried away out of the container 
because of their high vapor pressure. The contaminated surface layer of the crude metal is gradually removed 

30 by implementing this procedure repeatedly. 

The contaminated surface layer preferably more than 5u.m deep, more preferably more than 10>m deep 
from the surface is removed by these methods. 

Further, the content of impurities including Al can be relatively reduced by selecting and using Ti particles 
and the like of a comparatively small particle diameter which have smaller specific area. This helps in efficient 

35 removal of the contaminated surface layer. The substantially same effect can be achieved by sieving particles 
after the removal of their contaminated surface layer and selectively using those of comparatively larger particle 
diameter. . . . . » 

After the contaminated surface layer is so removed, the EB melting is employed in a high vacuum similar 
to the above mentioned first method in order to finally remove Al, Na, K and the like and obtain a highly purified 

40 metal. Ordinarily, when the EB melting is intended, it is thought that the Ti particles previously obtained should 
be compressed into a solid by a molding press and that the so obtained solid should be used as an electrode 
for the EB melting. In this case, however, recontamination on account of deformation incidental to molding is 
likely. Thus, for the purpose of preventing recontamination, it is preferable under the present invention that Ti 
particles are placed as they are into a vibrating granulator and subjected to the EB melting. 

45 Furthermore, the above mentioned removal treatment of the contaminated surface layer of metals obtained 

by the fused salt electrolysis process can be efficiently applied in the case where Ti materials obtained by the 
fused salt electrolysis process are used as a starting material for the first manufacturing method. Briefly speak- 
ing, a Ti material obtained by the fused salt electrolysis process wherein the contaminated surface layer thereof 
was subjected to surface treatment is purified by the iodide process at first Then, the so purified is EB melted. 

SO In this way, the iodide process is allowed to achieve even higher, purification efficiency. Meanwhile, pretreat 
incidental to the iodide process can be done in one same apparatus; the above mentioned (2) is preferably 
used. 

Metals obtained according to either the first or second method have a AJ content of satisfying not more 
than 10 ppm, an reduced content of other impurities and a high purity to a satisfaction. With regards to other 
55 impurities, for example the oxygen content is not more than 250 ppm (preferably not more than 200 ppm), each 
of the Fe, Ni and Cr contents is not more than 10 ppm (preferably not more than 5 ppm each) and each of the 
Na and K contents is not more than 0.1 ppm (preferably not more than 0.05 ppm each). 

Further, sputt ring targets of the present invention are obtained by cold-forging the highly purified Ti ma- 
terial, the highly purified Zr material pr the highly purified Hf material into a desired shape, while preventing 
their recontamination. Said cold-forging is carried out in a cold condition (at about room temperature), taking 

6 
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into consideration the properties of, for example the Ti material with high gas absorption and the feasibility of 
preventing recontamination due to gas absorption. The processibility improved by satisfying a high purity makes 
cold-working possible. This is followed by machine-working of target materials to provide sputtering targets in 
a prescribed shape. 

Next, the specific embodiments of manufacturing the highly purified metals of the present invention and 
the results of evaluating them will be described. Each embodiment of applying the first method for the man- 
ufacture of highly purified metal of the present invention will be shown below. 



Embodiment 1 



Sponge Ti was manufactured according to the Kroll process in order to use it as a starting crude TI material. 
The so obtained sponge Ti was set in the reaction container 1 of the purification apparatus using the iodide 
process, as shown in Fig. 1 and the amount of an iodine representing a ratio of 0.2 g/i was also placed therein. 
Said sponge Ti was purified by the iodide process under the conditions that the temperature of the filament 5 
was maintained at 1400 °C and that of the reaction container 1 at 600 °C. The filament 5 had a diameter of 2 
mm when the purification was started and Ti was allowed to precipitate thereon u nti! the diameter was increased 
to about 30 mm. 

The figment with precipitated Ti was used as a starting material for EB melting to conduct the EB melting 
under the conditions of a high vacuum of 1 x 1 0~ 5 mbar in the furnace, preventing the entrance of diffusion pump 
oil into the furnace with the use of freon baffle, a voltage of 20 kV, a filament current of 1.5A-2.0A, a EB output 
of 30 KW-40 KW and a melting speed of 4 kg/hr. Thus, ingots having a diameter of 135 mm respectively 
obtained. 

Further, said Ti ingots were forged in a cold condition (at about room temperature), followed by machine 
grinding thereof and the sputtering targets in a prescribed shape were obtained. The so obtained sputtering 
targets were analyzed for various impurities. The results are shown in Table 1. ■* 

Embodiment 2 ^ 

The substantially same procedures for the iodide process and EB melting as in Embodiment 1 were 
repeated except that the crude Ti material of said Embodiment 1 was replaced by Ti in a shape of needle 
obtained by the fused salt electrolysis process and Ti ingots.obtained therefrom were processed to produce Ti 
targets. The so obtained Ti targets were analyzed, resulting in the determinations also shown in Table 1. 

Embodiment 3 £ 

First, needle shaped-Ti of the fused salt electrolysis process which had been used as the crude Ti material 
in above Embodiment 2 was immersed in a mixture of hydrofluoric acid, nitric acid and water in a ratio of 2 :1:1 
for 1 0 minutes in order to remove the contaminated surface layer. The so treated needle shaped-Ti was washed 
with running water to make a starting Ti material. Meanwhile, the contaminated surface layer 15 urn deep from 
the surface was removed. 

The iodide process and the EB melting were implemented according to the same procedure as in Embo- 
diment 1 . except that above acid treated Ti material was used and the Ti ingots obtained therefrom were further 
processed to make Ti targets. The so obtained Ti targets were analyzed, resulting in the determinations shown 
in Table 1 as well. 



Embodiment 4 

In the reaction container 1 of the purification apparatus using the iodide process as shown Fig. 1 , the needle 
shaped Ti which had been used as the crude Ti material in Embodiment 2 was placed, a gaseous iodine was 
introduced therein after vacuum exhaust, the temperature was maintained at 600 °C and the surface of the nee- 
dle shaped Ti was allowed to react with the iodine. Then, the reaction product was eliminated by vacuum 
exhaust. This procedure was repeated 3 times to remove the contaminated surfac lay r. Th contaminated 
surface layer 15 urn deep from the surface was removed. Meanwhile, the used purification apparatus had an 
exhaust system connected with the reaction container via an iodide trapping mechanism which is missing in 
the illustration. 

Subsequent to the removal of the contaminated surface layer, the filament 5 was electrically charged, trie 
iodide process and the EB melting were carried out and Ti ingots were obtained. Then, Ti targets were made 
thereof. The so obtained targets were analyzed, resulting in the determinations shown in Fig. 1 as well. 
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Th crud Ti materials used io Emodiments 1 and 2 were also analyzed, the results shown in Table 1 re- 
spectively as the Comparative Embodiments 1 and 2. 
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As evident from Table 1. the Ti materials of all the above mentioned embodiments have a low content of 
AJ that should adversely affect the properties of electrode, contact part, barrier layers and the like in a semi- 
conductor device, keeping the content of other impurities at a reduced level and satisfying the purity as it should 
be. 

The properties were evaluated on each of the semi-conductor device which was produced by forming th 
wiring network of metal silicide film or, the substrate with use of each of the Ti target obtained in connection 
with the embodiment and the comparative embodiment and the Zr target and the Hf target produced according 
to substantially the same procedure. The production method, the evaluating method and the results thereof 
will now be described in detail. 

The influence each by AI contained in various metal target were evaluated and the results thereof will be 
described at first. As shown in Fig. 2, over the polycrystalline Si layer 1 2 above the n-Si substrate 1 1 , a TI film, 
a Zr film and a Hf film, each 60 nm thick, were respectively formed by the sputtering method using each of 3 
types of Ti target, Zr target and Hf target which were produced according to substantially the same procedure 
as in the corresponding embodiment and each type of which has different AI content. After each film was treated 
by etching to remove portions other than the desired wiring network, the remaining film was subjected to 2 step 
annealing treatment to comprise a silicide and form a metal silicide film (TiSi 2 film, ZrSi 2 film, HfSi 2 ) over th 
polycrystal Si layer 12 and at the same time both the source region 14 and the drain region 15 were made to 
comprise a silicide and the diode of each metal silicide film was produced. 

Each type of Ti target contained AI in an amount of not more than 54 ppm, 3 ppm and 1 ppm ; that of Zr 
target not more than 68 ppm, 3 ppm and 1 ppm ; and that of Hf target not more than 70 ppm, 2ppm and 1 ppm. 
Other impurities contained in these targets were in an equal amount. The leakage current was measured by 
applying an inverse bias voltage to the so obtained diodes to obtain the results respectively in Fig. 3, Fig. 4 
and Fig. 5. 

As evident from Fig. 3, Fig. 4 and Fig. 5, the leakage current increased as the AI content increased. Mean- 
while, 10 diodes were made of all metal targets and when they were subjected to a measurement according 
to the substantially same procedure, there was a finding that each of thesediodes shows a same inclination. 

In other words, an electrode, a contact part and the.like having a high fidelity for a highly integrated semi- 
conductor device can be accomplished by making a sputtering .target of a metal having a low AI content as 
obtained in the above mentioned embodiments, producing a metal target of said sputtering target and forming 
a desired form therefrom. . 

Next, the relationship between the oxygen content of a Ti target and specific resistance of a TiSi 2 made, 
thereof will be described below. 6 types of Ti target each having a different oxygen content (oxygen content : 
80 ppm. 120 ppm. 200 ppm. 300 ppm. 550 ppm and 700 ppm) were made according to the substantially same 
procedure as in the above mentioned embodiments. The film forming apparatus was evacuated to 1 x 1 0~ 5 Torr, 
then an Ar gas was introduced thereto up to 5 x 10~ 3 and over a polycrystalline Si a Ti film, 0.2 um thick, was 
formed of each type of said Ti target by DC magnetron sputtering at film forming speed of 2.0 u.m/h. After specific 
resistance of these films were measured, they were subjected to annealing at 700 °C, Ti and Si were allowed 
to react each other and a TiSi 2 was complete. These TiSi 2 films were measured for their specific resistanc . 
The resistance of the film times the thickness of the film makes specific resistance. The resistance of the film 
was measured according to the direct-current 4 points probe method (the production of NAPUSON Kabushiki 
Kaisha, RESISTEST-8A). 

The relationship between the oxygen content of Ti targets and specific resistance of TiSi 2 films is shown 
in Table 2. The relationship between specific resistance of Ti films and that of TiSi 2 films is shown in Fig. 6. 

Table 2 



Oxygen content ( ppm ) 


700 


550 


300 


120 


80 


Specific resistance 
Ti film( ji n. cnn) 


123 


U5 


105 


70 


65 



It is evident from Table 2 and Fig. 6 that specific resistance of Ti films can be reduced by decreasing the 
oxygen content of Ti targets. Further, specific resistance of TiSi 2 films can also be lowered by lowering specific 
resistance of Ti films. Particularly, TiSi 2 having as low specific resistance as 1 5 ullcm are not obtained by using 
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Ti targets having an oxygen content of more than 250 ppm. A TiSi 2 film having low resistance means the pre- 
vention of delay of signals in a semi-conductor device to make possible a semi-conductor device having high 
5 fidelity. 

Next, an embodiment wherein the second method for the manufacture of highly purified metal was carried 
out will be described. 

Embodiment 5 

10 

An electrode made of sponge Ti was placed in an electrolyte comprising KCI-NaCI (KCI ; 16% by weight, 
NaCI : 84% by weight) and subjected to fused salt electrolysis process at an electrolytic temperature of 755 
°C, a current of 200A and a voltage of 80V in order to produce a crude needle-shaped Ti particle. The contami- 
nated surface layer of these crude needle-shaped Ti materials was removed by means of an aqueous solution 

15 of hydrochloric acid. Said acid treatment was conducted by immersing the crude Ti materials in said aqueous 
solution of hydrochloric acid in an argon gas atmosphere for each different from span of time and then they 
were washed with purified water and dried. In this way, several types of Ti materials in which the amount of 
the surface layer removed by acid treatment is different each other were prepared. Prior to the acid treatment, 
said crude needle shaped Ti materials were analyzed to determine the relationship of the Al content with the 

20 thickness of the removed layer or the distance ban the surface of particles and the bottom of the removed layer. 
The results are shown in Table 7. As evident from fig. 7, the content of impurities can be significant decreased 
by removing the surface layer about 10 ^m deep from the particle surface. 

Next, the crude Ti particles immersed in the acid for different spans of time were used as a starting material 
for EB melting and placed in a vibrating granulator. Said granulator was introduced into an EB melting furnace 

25 in a vacuum, while preventing the contamination. EB melting was conducted under the conditions of a high 
vacuum of 1 x 1Ch 5 mbar in the furnace, preventing the entrance of diffusion pump oil into the furnace with a- 
freon baffle , voltage of 20KV, a filament current of 1 .3A-1 .5A t an EB output of 26KW-30KW and a meltin g speed 
of 4 kg/h in order to make ingots having a diameter of 1 35 mm. * : 

Each of the so obtained Ti materials was analyzed for impurities. The relationship between the AJ cont nt 

.10 and the amount of the removal by acid treatment is shown in Table 3. With regards to other impurities, each: 
of the Fe, Ni and Cr contents was not more than 1 ppm, each of the Na and K contents was not more than 0.01 
ppm and the oxygen content was not more than 200 ppm. 
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As evident from Table 3, the embodiment showed that the Ti material having a satisfactorily high purity, a 
low content of Al adversely affecting the properties of electrode, contact part and barrier layer of semi-conductor 
5 devices and a reduced content of other purities was obtained by removing the surface layer from the crude Ti 
material and then Eb melting it. 

Further, when the Zr and Hf materials were highly purified according to the substantially same procedure 
as in above mentioned Embodiment 5 t the substantially same results were achieved. 

Next, the present invention will be described by the following embodiment in connection with a semi-con- 
10 ductor package using the wiring network of the present invention. 

Fig. 7 is a drawing outlining the structure of one instance of the semi-conductor package. Here, 21 is a 
semi-conductor chip set on an insulation substrate 22 by a solder layer 23. The semi-conductor chip 21 is elec- 
trically connected with a lead frame 25 by a Au lead wire 25. The semi-conductor chip 21, Au lead wire 24 and 
lead frame 25 are sealed together in a molding by a sealing resin 26. 
15 The semi-conductor chip 21 comprises the highly purified metal of the present invention and is used as 

the material for a part of the wiring network. The semi-conductor chip 21 and the method for producing the same 
will be described referring to Fig. 9. 

First, a p-Si substrate 31 is treated by thermal oxidation to form a thermally oxidized film on the surface of 
p-Si substrate. Then, a field oxidized film 32 is optionally formed by thermal oxidation except for the source 
20 and drain regions. Portions of the thermally oxidized film on each of the source and drain regions were elimi- 
nated by formation of a resist film and etching treatment (hereinafter called PEP treatment for short) to give a 
thermally oxidized film 33 remaining on the gate region. Then, after the resist film is formed except for the source 
and drain regions, elements as the impurity are injected into the p-Si substrate 31 to produce the source region 
34 and the drain region 35. Further, a Moor W silicide film 36 is formed on the gate oxidized film 33. An insulation 
25 layer 37 comprising P-doped silica glass (PSG) is formed all over the p-Si substrate and then both the source 
region 34 and the drain region 35 were subjected to PEP treatment to remove portions of the P-doped silica 
glass layer 37 located thereon. 

Then, a barrier layer 38 is formed respectively on the source region 34 and the drain region 35 after portions 
of the P-doped silica glass layer 37 are removed therefrom. These barrier layers 38 are the film comprising the ** 
3n highly punfled net~ ! of the present invention. Namely, substantially the same materials as Ti target, Zr target 
and Hf target used in the above mentioned embodiment are treated by the reactive sputtering method in an 
nitrogen gas atmosphere to produce a TiN film, a ZrN film, a HfN film each of which contains AI in a very small 
amount and is used to form the barrier layer 38. 

Thereafter, an Al film 39 is formed by vacuum evaporation to cover the whole surface and obtain the wiring 
35 network in a desired shape. Further, an insulating protection film 40 comprising Si3N4 and the like is formed 
all over, a portion thereof is subjected to PEP treatment to build an opening for bonding of the Au lead wire 
(24) and finally an semi-conductor chip (21) is complete. 

The barrier layer which is sound even when the wiring network is densely formed can be obtained by pro- 
ducing the TiN film, ZrN film and Hf film from the highly purified metal of the present invention. This is because 
40 content of impurities inside the barrier layer 38 can be controlled to be very small, including that of AJ f oxygen, 
alkali and heavy metals, and as a result the semi-conductor package having the high operational reliability can 
be obtained. 

The description of the above mentioned embodiment relates only to the case where the highly purified metal 
of the present invention is used as the material for barrier layers but also is true in the case of using it as the 
45 material for electrodes and contact parts. Further, although an instance of DIP is described in the above men- 
tioned embodiment, substantially the same effect can be obtained with respect to packages of QFP, PGA and 
the like. 



50 Claims 

1. A highly purified metal comprising one metal selected from the group consisted of titanium, zirconium and 
hafnium, having an AJ content of not more than 10 ppm. 

55 2. The highly purified metal according to Claim 1 wherein an oxygen content is not more than 250 ppm, each 
of Fe, Ni and Cr contents is not more than 10 ppm and each of Na and K contents is not more than 0.1 
ppm. 

3. A method for the manufacture of th highly purified metal comprising one metal selected from the group 
consisted of titanium, zirconium and hafnium, comprising the steps of : 

13 
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purifying a crude metal by the iodide process, and 

m Iting said purified metal with an electron beam in a high vacuum. 

4. The method for the manufacture of the highly purified metal according to Claim 3 wherein a metal obtained 
by the fused salt electrolysis process is used as said crude metal, is subjected to surface treatment to 
remove a contaminated layer existing on the surface of said crude metal and is purified by said iodide pro- 
cess. 

5. A method for the manufacture of the highly purified metal comprising one metal selected from the group 
consisted of titanium, zirconium and hafnium, comprising the steps of : 

subjecting a crude metal obtained by the fused salt electrolysis process to surface treatment and 
removing a contaminated layer existing on the surface of said crude metal, and 

melting said surface treated crude metal with electron beam in a high vacuum. 

6. The method for the manufacture of the highly purified metal according to Claim 5, wherein said step of sur- 
face treatment includes the step of surface treatment with an acid or alkaline solution. 

7. The method for the manufacture of the highly purified metal according to Claim 6, wherein said step of sur- 
face treatment is operated in an inactive gas atmosphere. 

8. The method for the manufacture of the highly purified metal according to Claim 5, wherein said step of sur- 
face treatment includes the step of surface treatment with a halogen gas. 

9. A sputtering target manufactured by molding into any desired shape the highly purified metal according to 
Claim 1. 

10. A wiring network comprisingone metal selected from the group consisted of titanium, zirconium, and haf- 
nium or one compound thereof and not more than 10 ppm of AL 

11. The wiring network according to Claim 10, wherein one metal selected from the group consisted of said 
titanium, zirconium and hafnium comprises a silicide or a nitride. 

12. The wiring network according to Claim 10, containing not more than 250 ppm of oxygen:; not more than 
10 ppm each of elements consisting of Fe, Ni and Cr, and not more than 0.1 ppm.each of elements con- . 
sisting of Na and K. 

13. A method of producing a wiring network on a substrate of a semi-conductor device, comprising the steps 
of: 

forming a thin film on said substrate of the semi-conductor device from highly purified metal com- 
prising one metal selected from the group consisted of titanium, zirconium and hafnium each containing 
not more than 10 ppm of Al ; and 

treating said thin film by etching to remove portions other than the desired wiring network. 

14. The method of producing the wiring network according to Claim 13, wherein said think film comprises a 
nitride of one metal selected from the group consisted of titanium, zirconium and hafnium. 

15. The method of producing the wiring network according to Claim 13, comprising the step of forming a silicide 
film from said thin film. 

16. The method of producing the wiring network according to Claim 13, wherein said highly purified metal con- 
tains not more than 250 ppm of oxygen ; not more than 10 ppm each of elements consisting of Fe, Ni and 
Cr, and not more than 0.1 ppm each of elements consisting of Na and K. 

17. A semi-conductor package comprising : 

a semi-conductor chip having a prescribed wiring circuit wherein at least a part of the wiring network 
comprises one metal selected from the group consisted of titanium, zirconium and hafnium or a compound 
thereof each containing not more than 10 ppm of Al, and a lead electrically connected with said circuit of 
the semi-conductor chip and a sealing material for making said semi-conductor chip airtight. 
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18. The semi-conductor packageaccording to Claim 17, wher in said wiring network comprises an electrode, 
a contact part, a barrier layer and the like. 

19. The semi-conductor package according to Claim 17, wherein said wiring network contains not more than 
250 ppm of oxygen ; not more than 10 ppm each of elements consisting of Fe, Ni and Cr, and not more 
than 0.1 ppm each of elements consisting of Na and K. 
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Al CONTENT IN Zr TARGETS 
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B : 3 ppm 
C • <l ppm 
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